During the used nuclear fuel vacuum drying process, helium is evacuated to pressures as low as 70 Pa, to promote water vaporization and removal. At these low pressures the gas is rarefied to the extent that there is a temperature jump thermal resistance between the surface and gas. This occurs when the mean free path of a molecule becomes a comparable to the characteristic length of a system. In order to correctly apply this jump model to a nuclear transfer cask, a two dimensional model of parallel plates and concentric cylinders were created using ANSYS/Fluent package. Heat generation was plotted against a variety of relevant pressures. The results in these simple geometries are compared to kinetic model calculations, performed by other investigators, to determine the appropriate collision diameters to use in rarefied helium gas simulations within complex geometries. A two dimensional mesh of a transfer cask containing 24 pressurized water reactor used fuel assemblies is then constructed, and the rarefied gas model was implemented in the helium-filled regions between the fuel and basket support structures. Steady state simulations with a fuel heat generation rate of 710 W/m/assemble shows that the cladding is measurably hotter when the helium gas pressure is reduced from atmospheric conditions ~10 5 Pa to 500 Pa. The heat generation rate that brings the peak cladding temperature to a hydride dissolution temperature of 400°C is as much as 10% lower when the gas is at 500 Pa than under atmospheric conditions. [-] 
INTRODUCTION
Used light water reactor fuel rods consist primarily of Zircaloy cladding tubes that contain highly radioactive fuel pellets as well as high-pressure fission-product and fill gases [1] . The fuel rods are held in a square array by headers, footers and periodic spacer plates. Boiling water reactor (BWR) assemblies consist of 7x7 to 9x9 rod arrays surrounded by a Zircaloy channel. Pressurized water reactor assemblies are 14x14 to 18x18 arrays, but do not have channels.
After being discharged from reactors, used assemblies are stored underwater while their radioactivity and heat generation rate decrease [2] . After sufficient time, typically five years or more, a canister with an internal basket is placed in a transfer cask and lowered into the pool. The canister is then loaded with fuel assemblies, covered, and lifted out of the pool. Helium or another non-oxidizing gas is forced into a port near the top of the canister while water flows out through a tube that reaches to the canister bottom [3] . Small amounts of water may remain at the bottom of the canister and in crevices of the canister and cladding surfaces after draining. Essentially all moisture must be removed from the canister before it is sealed to prevent corrosion of the fuel cladding and cask materials, and/or formation of combustible mixtures of hydrogen and oxygen [4] . After drying, the canister is filled with helium to pressures between 3 and 7 atm (306 to 711 kPa) and sealed either by welding or bolted closure. It is then placed in other packaging for onsite dry cask storage or offsite transport.
With the absence of a defined used-fuel disposal and/or reprocessing path, it is crucial to assure the safety of long-term dry cask storage systems [5] . Federal regulations (10CFR72) require that these systems insure that external doses are below certain limits, and that the fuel configuration remains subcritical, confined and contained, and retrievable. The cladding is the primary confinement barrier for the used fuel pellets and fission gas. Its integrity must be protected to assure that, after decades in storage, the assemblies can be safely transferred to other packages, and/or transported to other locations.
Federal regulations (10CFR71) also require that the transport package performance be analyzed under normal conditions of transport (which include a 0.3-m drop) and hypothetical accident conditions (which include a 9-m drop). If the cladding integrity is compromised there is a risk that the fuel will not be in its "as analyzed" configuration after these drop events. Adequate ductility of the cladding must therefore be maintained. Radial hydride formation within the cladding has the potential to radically reduce cladding ductility and its suitability for long term storage or transport [5] .
During all post-reactor drying, transfer, storage and transport operations the fuel cladding must be kept below certain temperature limits to avoid (a) dissolution of circumferential hydrides that exist in the cladding and (b) high gas pressures within the tubes, which leads to high cladding hoop stress [6] . If these hydrides dissolve and the hoop stresses become large, then as the heat generation of the used fuel decreases during long-term storage radial hydrides may form and cause the cladding to become brittle [7] [8] [9] [10] . Drying operations [11] may be the most likely events to cause the fuel temperature to exceed temperature limits. This is because drying is the first operation when the fuel is removed from water and placed in a gas-filled environment, and the fuel heat generation is still relatively high.
Nuclear Regulatory Commission Interim Staff Guidance-11, Revision 3 (ISG-11) [6] specifies conditions that are intended to prevent radial hydride formation. For example, the maximum calculated fuel cladding temperature must remain below 400°C for normal conditions of storage and short term loading conditions (e.g., drying, backfilling with inert gas, and transfer of the cask to the storage pad). For low burnup fuel, a higher short-term temperature limit may be used, provided that the best estimate cladding hoop stress is less than 90 MPa for the temperature limit proposed. During loading operations, repeated temperature cycling is allowed, but is limited to less than 10 cycles with cladding temperature variations of more than 65°C. For off-normal and accident conditions, the maximum cladding temperature should not exceed 570°C, a limit based on creep (stress) rupture consideration. Until further guidance is developed, high burnup fuel will be handled on a case-by-case basis [6] . In other countries like Germany the maximum cladding temperature is 370°C [12] for both storage and drying operations.
Two methods are currently used by industry for moisture removal from canisters, vacuum drying or forced helium dehydration [3, 6] . In vacuum drying, the canister is evacuated to pressures as low as 67 Pa to promote evaporation and water removal [4] . Several cycles of evacuation and refill may be necessary before operators can demonstrate that the canister is able to meet the drying technical specification of maintaining a low pressure of 400 Pa (3 Torr) for 30 minutes [3, 11] .
At the low pressures and gas densities associated with vacuum drying, buoyancy-induced gas motion and natural convection heat transfer from the fuel to the canister surfaces are essentially eliminated. While the gas thermal conductivity is nearly the same at these pressures as it is at atmospheric conditions, the gas is rarefied to the extent that there is a temperature difference (or temperature-jump) between the heated cladding and the gas in contact with it [4, [13] [14] [15] [16] . This surface-to-gas temperature-jump is essentially zero at high pressures but acts as a thermal resistance between the surfaces and gas at low pressures. These resistances increase the cladding temperature compared to atmospheric pressure conditions. This thermal resistance and the lack of natural convection caused by low pressure may lead to higher cladding
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Copyright © 2014 by ASME temperatures during vacuum drying than during storage conditions for the same fuel heat generation rate. Forced helium dehydration is used for drying canisters containing high-burnup and other high heat generating fuel [3] . In that process, helium is forced into the canister through a port near its top and withdrawn though a tube that reaches to the canister bottom. Moisture is removed from the helium by condensing, demoisturizing, and preheating the gas outside the canister. In some cases cooling water is also circulated in the gap between the canister and transfer cask. The gas pressure during helium dehydration is maintained at roughly the same level as that used during storage. As a result the same natural convection and minimal temperature-jump thermal resistance are expected as in storage. However, gas demoisturizing and cooling equipment are required for forced helium dehydration, which are not needed for vacuum drying.
Currently, package vendors predict cladding temperatures and the resulting hoop stresses during drying using experimentally-benchmark whole-package computational fluid mechanics (CFD) simulations [3, 17] . In these models, the fuel and basket are replaced by a region with an effective thermal conductivity and porosity. Other models used the accurate geometry model where the fuel rods and the baskets are modeled [18, 19] . This allows prediction of the maximum fuel heat generation rate that can be transferred without exceeding the temperature and hoop stress limits. It also helps determine which fuel may be vacuum-dried, and for which fuel the more complex forced helium dehydration process must be used.
The whole-package computational methods have been validated [20] against measurements performed in an actual evacuated storage package [21] . Currently, these effective properties are calculated without regard to the rarefied-gas temperature-jump thermal resistance. However, the fuel heat generation in the tests used to validate the current methods was moderately low.
The effect of the rarified-gas thermal resistance on peak cladding temperatures increases with generation rate. Current Work The long term objective of the current research program is to develop and experimentally-benchmark CFD models of the vacuum drying process that includes the effect of the rarefied-gas thermal resistance. The current work employs ANSYS/Fluent computational fluid dynamics (CFD) simulations that include a model for the temperature-jump and thermal-resistance at the interfaces between rarefied gases and solid surfaces. Conduction heat transfer simulations through helium gas in a flat region between parallel plates, and an annular region between concentric cylinders, are performed for a solid surface temperature difference of 30°C and gas pressures from 10 5 to 10 Pa. These results are compared gas kinetic model simulations in the same configuration in order to benchmark the ANSYS/Fluent simulation technique. The benchmarked ANSYS/Fluent simulations are then used to predict the cladding temperature within a loaded transfer cask for a range of fuel heat generation rates. Simulations are performed using a continuum model for a helium pressure of 1 atm (10 5 Pa), and a rarefied gas model for the helium at 500 Pa. The fuel heat generation rates that bring the cladding temperature to ISG-11 limit temperature of 400°C, and a reduced limit of 370°C used in Germany [12] , are reported.
RARIFIED GAS HEAT TRANSFER
Under normal atmospheric conditions, gas molecules confined within a moderate-sized volume experience many collisions with each other and with the walls [4, [13] [14] [15] [16] . In this case the flow can be defined as a continuum and the NavierStokes and convective heat transfer equations are sufficiently precise to describe the flow. When the pressure decreases or the container's scale decreases, some phenomena related to the rarefaction of gas can be observed and they possess some special characteristics. In such situations the gas flow can be characterized by the Knudsen number which is defined as the ratio of the mean distance traveled by molecules between two successive collisions (known as mean free path λ [22] ) to a representative physical length scale Lc. This length scale is generally the smallest dimension of an enclosure. The Knudsen number (Kn) is defined as:
The Knudsen number is the parameter used to describe the degree of gas rarefaction. When the Knudsen number increases the gas becomes more rarefied. That happens when the mean free path λ increases (i.e. in case of pressure decreasing) or when the characteristic length Lc decreases (for example, in micro or nano-channels).
Schaaf and Chambre [15] suggested to use the Knudsen number as guidelines for identifying different rarefied gas regimes. Usually, the following classification is used:  The continuum flow regime (Kn ≤ 10 −3 ), where the flow and heat transfer can be accurately modelled by the Navier-Stokes and Convective Energy equations with classical no-slip boundary conditions (fluid and gas temperature and velocity at the wall are the same as those of the wall).  The slip regime (10
, where the continuum model (Navier-Stokes equations) is still appropriate away from the wall, but it is subjected to the conditions of velocity slip and temperature jump on the wall.  The transitional regime (10 −1 ≤ Kn ≤ 10), where the continuum models (Navier-Stokes and Convective Energy equations) are not valid. For simulations in this regime, the Boltzmann equation should be resolved using the discrete velocity method [23, 24] or the Direct Simulation Monte Carlo (DSMC) technique [25] .  The free molecular regime (Kn ≤ 10), where the gas flow is highly rarefied. In this regime the number of moleculemolecule collisions are smaller than the numbers of moleculesurface collisions. Therefore, the flow is driven by the interaction between gas and wall. The flow in this case is modeled using numerical solution of collisionless kinetic Boltzmann equation or DSMC method.
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Copyright © 2014 by ASME It should be pointed out that all the regimes cited above can be accurately modelled using the kinetic theory, by solving the Boltzmann equation. Nevertheless, it is inefficient to implement this equation or other kinetic equations for gas flow simulation in the hydrodynamic and slip regimes because of the large computational efforts needed for their solution.
Definition of the mean free path
The mean free path λ is defined as the average distance traveled by molecules between successive collisions. Several definition for the mean free path can be found in the literature [26] . In this paper we will retain only two definition that are used below. The first is based on macroscopic fluid viscosity:
where P is the pressure, T is the temperature, kB is Boltzmann's constant, m is the mass of the gas molecule, and µ is the dynamic viscosity, whose temperature dependence is determined using the Hard Sphere (HS) model as
The reference temperature T0 is equal to 273.15K, while the reference values of the viscosity μ0 depends on the gas and it is equal to 1.865×10 -5 Pa·s for helium. The second definition is based on the microscopic Lennard-Jones collision diameter of the gas molecule d, as 
Accommodation coefficient
At low-pressure conditions the collisions that occur between gas molecules and surface dominate the moleculesmolecules collisions.
Under these conditions the local thermodynamic equilibrium and the continuity of the macroscopic parameters (tangential velocity and temperature) at the wall is not achieved, which is known as the velocity slip and temperature jump conditions.
In the middle of nineteenth century Maxwell introduced the concept of the accommodation coefficient [26] . He postulated that when molecules collide with a surface, a range of possible interaction can take place. Moreover, there are two extremes of this range: (i) the molecules can be reflected specularly, without transferring any of their momentum or energy to the surface (the molecule's temperature and velocity component parallel to the wall remain unchanged, but its velocity normal to the wall is reversed), and (ii) the molecules can be reflected diffusely: a molecule leaving the surface "forgets" all information about upon collision and it leaves accommodating the surface properties (i.e., their average bulk velocity is equal to the surface velocity and the temperature is equal to the temperature of the surface). So the concept of reflection can be related to the temperature incident molecules Ti and the reflected molecules Tr as [28] w i
where Tw is the wall temperature. This ratio is known as the Thermal Accommodation Coefficient (TAC). The value of TAC varies in the range from 0 to 1. In the case of α=0, the reflection is perfectly specular. For α=1, the incident molecule is reflected diffusely after complete accommodation to the wall temperature.
The value of TAC was determined experimentally for a wide range of surface and gas molecules. Authors [29, 30] reported that the value of α =1 can be used for most of the engineering surfaces. Other reported the value of α=0.4 for the pair helium-stainless steel [23] . These two values will be used in the current work for all the calculations.
Thermal model for slip regime
As discussed above, in the slip regime the gas is considered to be at a level of moderate rarefaction [15] . In such cases the gas tends to behave as a continuum in regions away from the walls. However, a molecule that comes into contact with a wall does not meet other molecules enough times to reach equilibrium with them in the vicinity of the wall [16] . Therefore there can be an abrupt change of temperature and speed from the surface to the gas, that is Tg ≠ Tw, and Vg ≠ Vw. This is known as temperature-jump or slip-flow. As a result, for regime (0.001≤ Kn ≤ 0.1), the Navier-Stokes and Convective Energy equations accurately model momentum and energy transport away from the walls, but gas rarefaction must be taken into account at the walls using "temperature-jump" and "velocity-slip" boundary condition [14, 15] .
Simple analytical model
Under moderately rarefied conditions, Sharipov [26] indicates that the local temperature-difference or temperaturejump between the gas and wall is determined using a resistance model,
In this model, Q is the portion of the heat transfer rate directed to the solid surface transported by conduction within the surrounding gas and does not include the component transported by radiation to other surfaces. The temperaturejump thermal-resistance is
In this expression A is the boundary surface area, and  is the gas thermal conductivity that is related to the viscosity µ (Eq.
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For helium, the specific heat at constant pressure is cp = 5193 J/Kg.K, and its Prandtl number is Pr = 2/3, both values are independent of temperature.
In equation (7) T is the Temperature Jump Coefficient. Kennard [27] proposed an expression for this coefficient by assuming that the incident molecules on surface have the same distribution function as the molecules in the midst of the gas. The expression of temperature jump coefficient T proposed by Kennard is
where the ratio of specific heat at constant pressure to that at constant volume is γ=5/3 for helium. In this expression the subscript "K" refer to Kennard model [27] .
Using a circuit analogy the conduction heat transfer Q across the gas can be calculated as 
Numerical Fluent model
The ANSYS/Fluent computational fluid dynamics (CFD) package employs a simplified model to predict temperaturejump thermal-resistance at the interfaces between rarefied gases and solid surfaces. This model is similar to the one given by equations (6) and (7). However, it employs the collisiondiameter-based definition of the mean free path λd (Eq. 4, instead of the viscosity based on in eq. 2) and different expression of the temperature jump coefficient Figure 1 shows the two-dimensional planar and annual regions used in the current work to benchmark ANSYS/Fluent simulations of conduction through rarefied gases. For the planar region (Fig. 1a) the gap H between the parallel plates is equal to 1 cm and the length L was set to 100 times the hight H in order to neglect the lateral walls effect. For the annular region (Fig.  1b) the radii of the inner and outer cylinders are RA=0.5 cm and RB=1 cm. The hot and cold temperature of the surfaces for both geometries are respectively, TA=330 ºC and TB=300 ºC (see Fig.  1 ). These spacing and temperature differences were chosen because they are similar to those between rods within used fuel assemblies.
BENCHMARK SIMULATIONS
In order to benchmark the ANSYS/Fluent simulations comparisons with (a) the accurate kinetic models based on the Boltzmann equation and (b) the simple analytical model (Eq. 10) based on the Kennard temperature jump model and are performed.
Sharipov et al [23] used the McCormack kinetic model equation to solve the Boltzmann equation between parallel plates (Fig. 1a) using the discrete velocity method subjected to the diffuse Maxwell boundary condition α=1 (5). They used the hard sphere (HS) intermolecular interaction model for the viscosity calculation (3) and they assumed a constant thermal conductivity of gas. The heat flux was calculated for several gas types and temperature difference. For the concentric cylinders (Fig. 1b) Pantazis and Valougeorgis [24] used the nonlinear Shakhov kinetic model (also known as the S-model) subjected to the Cercignani-Lampis boundary condition with diffuse
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Copyright © 2014 by ASME The LJ molecular diameters that make the Fluent model match the kinetic models are estimated for both geometries and found to be 2.07 Å for parallel plates and 2.09 Å for concentric cylinders. Those values are drawn in Figure 2 with dash dotted lines, it appears from this results that a value of LJ diameter of 2.08 Å may be a good estimation for more complex geometries.
From Figures 2 it is clear that the Fluent model was able to predict with a good accuracy the conduction heat transfer at moderate low pressure. In the next section, the Fluent model will be implemented to calculate the peak cladding temperature in a whole package model.
TRANSFER CASK MODEL
This section describes the computational model used to predict the peak cladding temperatures in the presence of helium with and without a rarefied model. Figure 3 shows the computational domain of the canister modeled in ANSYS/Fluent along with a detailed view of the mesh. The domain pictured contains a total of 131,202 elements and uses symmetry to simplify the complete package into a one-eighth model. It includes a square array of 15x15 fuel rods with an UO2 core surrounded by a Zircaloy sheath. Instrumentation rods are included in the model and are assumed similar size to the fuel rods. The outer diameter of each rod measures 10.92 mm with a 0.67 mm Zircaloy sheath. The rod center-to-center pitch is 14.43 mm and the shortest distance from the fuel rod cladding to the stainless steel basket is centered at 6.58 mm. The 2D reference depth used in the model is 3.66 m. Figure 4 shows the material regionals of the computational domain. The square fuel rod assembly is centered inside a stainless steel basket. The stainless steel basket rests inside the aluminum supports along with the neutron poison; thermal properties for BORAL® were used for the neutron poison. The neutron poison is placed in selected spots inside the aluminum support geometry. In Figure 4b , a detailed view of the fuel rod array showing the gas filled regions of the instrumentation rods between the Aluminum support and the Stainless Steel which is in a symmetrical pattern. Figure 4c shows the gap enclosure which is gas filled and represents the smallest dimension in the canister with size of 2.286 mm.
Steady-state thermal simulations were performed using ANSYS/Fluent 14.5. These simulations assume uniform heat generation in all the UO2 regions, and they included conduction within the solids and helium, and surface-to-surface radiation across the helium filled region with surface emissivity of 0.46 for the stainless steel and 0.8 for the Aluminum and Zircaloy [30] . These simulations do not include buoyancy-induced gas motion or natural convection in the helium because they are negligible at the low pressures considered in this work. The outer boundary condition of the transfer cask is assumed to be underwater at a constant temperature of 101.7 °C. The heat input for each fuel rod region is 270 -800 W/m/assembly, calculated as
where Pf and L are the peaking factor and the length of the fuel rods.
Q is the total heat generated per fuel assemblies.
Two different heat transfer models are used in this work. The first is the Continuum Model, which does not include temperature jumps between the solid surfaces and the helium. The second is the Moderately-Rarefied Model, which includes the temperature jump thermal resistance described in equations (7) and (11) . Simulations for this model are performed for pressure of P=500 Pa, and thermal accommodation coefficients of α=0.4 and 1 with LJ molecular diameters d=1.9 Å and 2.33 Å.
The ANSYS/Fluent package employs a second-order upwind scheme to solve the energy equations. Radiative heat transfer was solved for gray diffuse surfaces using the discrete ordinates method with a second-order upwind scheme. The governing equations were solved using double precision. For the rarefied gas condition Fluent's low-pressure boundary slip is used. center of the innermost fuel assembly. This temperature is less than the allowable maximum cladding temperature TRH=400°C.
RESULTS AND DISSCUSSION
The maximum difference within the domain is TpTcask=251.7°C. In Figure 5 also the radial r-axis across the transfer cask model is drawn. Figure 6 shows the rod and gas temperature along the radial r-axis for heat generation of 710 W/m/assembly and heliumfilled pressure of 500 Pa. The thick solid line marked Continuum shows the temperature profile from the contour of Figure 5 without temperature jump. The dotted line marked Continuum (no gap) shows the temperature profile along the raxis where the gap in Figure 4c is then filled with StainlessSteel instead of helium. Since the conductivity of Stainless-Steel is much higher than helium, the resulting maximum temperature for the same heat generation rate is 90°C higher when the gap is filled with helium. Since the temperature in the gap is relatively small the effect of radiation heat transfer is weak. The no-gap model was simulated to show the importance of the gap to the peak clad temperature.
The maximum temperature is recorded within the rods of the internal assembly region, and the outer assembly regions experience lower temperatures. The temperature within the rods are relatively uniform comparing to the gradient in the gas. Since the continuum model do not include the temperature jump, the temperature of the gas at the rods surface is the same as the temperature of the rods surface. Figure 6 also includes the results for the moderate low pressure model for pressure of P=500 Pa marked with thin solid and dashed lines for d=1.9 Å and 2.33 Å, respectively with α=1 and α=0. 4 . Considering the temperature jump resistance between the gas and solid surfaces in this model the temperatures of gas and rods are hotter those predicted by the continuum model. As the pressure of the gas decreases the mean free path λ increases (see Eq. 4) which results in the increase of the resistance between gas and solid (see Eq. 7). The same behavior of the thermal resistance increasing happen when the Figure 6 Radial temperature profile along the radial axis shown in Figure 5 , calculated for Q'=710 W/m/assembly and for atmospheric pressure (continuum model) with gas filled gap (thick solid line) and Stainless-Steel filled gap (dotted line), moderately-rarified thermal accommodation coefficient decreases (see Eq. 7 and 11). Figure 7 shows the peak cladding temperature versus the assembly heat generation rate per meter. Results are shown for the Continuum model (atmospheric pressure) and moderatelyrarefied model with pressure P=500 Pa and two thermal accommodation coefficient values α=1 and 0.4, and two values of the LJ molecular diameter d=1.9 Å and 2.33 Å. In the figure also two maximum allowable cladding temperatures that cause the radial hydride formation are drawn by horizontal lines at T=370°C [12] and 400°C [6] .
The peak temperature increases with the increase of the assembly heat generation rate. The moderately-rarified results are consistently hotter than the continuum temperatures, and the temperatures for the smaller values of the accommodation coefficient (α=0.4) and the LJ molecular diameter (d=1.9 Å) are hotter still. For a given value of heat generation the maximum temperature predicted by the moderately-rarefied model can be more than 20°C higher. Table 1 gives the maximum assembly heat generation rate for which the peak rod temperatures are equal to the maximum allowed temperature that causes the radial hydride (RH) formation TRH,R=370°C and TRH=400°C. Table 1 shows that the heat generation rate predicted by the continuum model is higher than that predicted by the moderately rarefied model. The moderately-rarefied model with thermal accommodation coefficient α=0.4 and LJ diameter d=1.9 Å gives the lowest heat generation rate. The heat generation rate that brings the peak cladding temperature to a radial hydride formation temperature of 400°C is 10% lower when the moderately rarefied model is used than continuum model.
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SUMMARY
Evacuating helium gas from used nuclear fuel canisters during vacuum drying, to pressures as low as 500 Pa, has the potential to increase cladding temperatures compared to atmospheric pressure conditions. This is because, at these low pressures, natural convection becomes ineffective at enhancing heat transfer beyond the levels from pure conduction, and the gas become moderately rarified, which effectively increases the thermal resistance between the remaining gas and the solid surface. The overall objective of this research program is to develop and experimentally-benchmark computational models that can be used to predict cladding temperatures during vacuum drying.
In this paper, the kinetic model [23, 24] based on the Boltzmann equation was used to predict the heat transfer across simple helium-fill planar and annular regions as a function of pressure. ANSYS/Fluent simulations of the same configuration were performed with three different Lennard-Jones molecular diameters, d = 1.9 Å and 2.33 Å. The simulation exhibited good agreement with the kinetic models for LJ molecular diameter around 2.08 Å in both configurations (circular and annular).
Two-dimensional ANSYS/Fluent simulations of the 24 basket transfer cask were performed for a range of array heat generation rates, accommodation coefficient, and LJ molecular diameters with a constant outer wall temperature. Results from Continuum simulations (which did not include the temperature jump effect) were compared to Moderately-Rarified simulations at 500 Pa. When the rarefied gas theory was applied the temperature was 20°C greater when compared to the continuum model. When the thermal accommodation coefficient was changed from 1 to 0.4 in the moderately-rarefied gas model the temperature was higher for the lower value of the thermal accommodation coefficient. This slight temperature change indicates the accommodation coefficient has a damped effect when applied to the whole packaged model due to other modes of heat transfer. The heat generation rate that causes the circumferential hydride dissolution predicted by the moderately-rarefied model was 11% less than that predicted by the continuum model. Future work includes performing steadystate calculations for the current package model with water instead of helium as the backfill fluid. This steady state condition will be used as a starting point for transient calculations with helium as the backfill gas. The time to reach maximum temperature will be recorded for relevant heat loads and temperature slip conditions. These transient simulations will better represent vacuum drying conditions. Future work also includes building an experimental apparatus of concentric cylinders and an 8x8 heater rod arrays that will be benchmarked against Fluent's temperature slip solver.
